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ABSTRACT:  Strawberry (Fragaria x ananassa D.) yield is affected by vigor of transplants. Those young and
vigorous at planting lead to plants reaching higher vegetative growth and fruit yield than weak or old ones. This
study aimed at determining plant growth, development, and fruit yield of the strawberry plant from bare root and
plug transplants with different crown diameters. Bare root transplants were produced by rooting stolons and plug
transplants from runner tips collected and rooted in a substrate growing bed. Three classes of crown diameters were
compared in a 2 × 3 factorial and randomized block experimental design, with four replications, 16 plants per plot
and a density of 6.6 plants m–2. For bare root transplants, crown diameters were between 3.0 and 5.0 mm (class 1);
5.1 and 8.0 mm (class 2) and greater than 8.1 mm (class 3). For plug transplants, runner tips were screened between
2.0 and 3.9 mm (class 1); 4.0 and 5.5 mm (class 2) and 5.6 to 7.0 mm (class 3). Transplants of both types were
planted at April 16th, 2008, and at this date, crown diameter, shoot and root dry mass and number of leaves were
higher in all classes of plug transplants. Ripe fruits were harvested from June 15th to November 7th, 2008, and fresh
fruit yield was determined. Plant growth and development were determined at last harvest. Higher growth,
development and fruit yield were obtained in plants from plug transplants. For bare root transplants, crown
diameters higher than 5.1 mm can be used while for plug transplants the crown diameter of runner tips does not
affect plant growth and fruit yield.
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Introduction
In Brazil, commercial strawberry (Fragaria x ananassa D.)
crops are established with bare root transplants. Some of
them are produced locally in soils that are infected by patho-
gens. The use of fumigants for soil disinfestations is nowa-
days restricted. As a consequence, vigor is low and growers
import yearly from Argentina and Chile more than 80% of
transplants they need for planting their crops (Oliveira et al.,
2005). They are produced in Patagonia region, shipped to
Southern Brazil by trucks and local shipment to growers is
accomplished by flatbed trucks in later summer, whiteout any
refrigeration. They are planted several weeks after dug from
the soil and many die as a consequence of high tempera-
tures and unfavorable environmental conditions during ship-
ping. A search for new methods for producing high vigor
transplants is an urgent task for improving yield of this crop
in Brazil.
The crown diameter is the main variable that has been
used to determine the vigor of strawberry transplants. A
crown diameter higher than 8.0 mm has been considered as
good vigor indicator (Hochmuth et al., 2001). However, in
plug plants the crown diameter is related with the physiologi-
cal age. Runner tips emitted in early spring can reach in sum-
mer crown diameters higher than those grown later. In older
transplants a great proportion of the root system is inactive
for water and nutrient uptake, leading to low plant survival
after planting (Nicola, 1998). In plug transplants, runner tips
are rooted in few weeks after harvesting from the stock plant.
In these plants, larger crowns indicate higher vigor and faster
initial growth, which allows earlier and higher fruit yield (Bish
et al., 2002; Giménez et al., 2009). Runner tips in the crown
diameter range between 2 and 5 mm have been considered
for production of plug transplants of high vigor (Durner
et al., 2002). Reports on the relation of crown diameter with
plant growth, development and fruit yield are scarce in the
literature.
This study aimed at determining growth, development
and fruit yield of strawberry plants from bare root and plug
plants with different crown diameters.
Materials and Methods
The field experiment was conducted in 2008 in Santa
Maria, state of Rio Grande do Sul, Brazil (29º42' S; 53º42'
W - 95 m). The climate is subtropical humid by the Köppen’s
classification, with monthly average temperatures between
3ºC and 22ºC and average annual rainfall around 1769 mm
(Moreno, 1961).
The strawberry cultivar Arazá (from Uruguay) was used.
It is a short-day, intermediate vigour and early yield cultivar,
derived from a cross between selections Uruguayan A07.04
(Oso Grande × Sweet Charlie) and C01.05 (Addie × Sweet
Charlie) (Giménez et al., 2003).  Explants of this cultivar
were extracted from the clonal garden at same institution in
Santa Maria, RS and multiplied in vitro. After four succes-
sive multiplications in the laboratory, they were acclimatized
from August 10th to September 13th, 2007, in a polyethylene
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greenhouse (Giménez et al., 2008b). After acclimatization,
they were planted as stock plants in a closed soilless grow-
ing system using sand as a 0.015 m thick rooting bed.  A
plant density of 1 plant m–2 was used (Giménez et al., 2008a;
2008b). Water and nutrients were daily delivered by
fertigation, using the nutrient solution adjusted by Giménez
et al., (2008b), in mmol L–1: 10.6 NO3
–; 0.43 NH4
+; 2 H2PO4
–
; 6.15 K+; 3.0 Ca2+; 1 Mg2+ and 1 SO4
2–, and in mg L–1: 0.03
Mo; 0.42 B; 0.06 Cu; 0.50 Mn; 0.22 Zn and 1.0 Fe. The pH
and electrical conductivity were maintained between 5.5 and
6.5 and between 1.4 and 1.5 dS m–1. For plug transplant pro-
duction, runner tips were harvested from stock plants at Feb-
ruary 27th, 2008 and screened in three crown diameter classes:
from 2.0 to 3.9 mm (class 1); 4.0 to 5.5 mm (class 2) and
5.6 to 7.0 mm (class 3) (Durner et al.; 2002; Giménez et al.,
2009). Runner tips of different classes were planted in sepa-
rate rooting beds filled with the commercial substrate to the
base of Vermiculite plus pines bark, in a density of 562 run-
ners m–2. In the 1st week after planting, tips were 50% shaded
and sprinkler irrigated eight times a day for 5 min. In the
next six weeks, they were daily fertigated as done for the stock
plants. Plug transplants were considered ready for planting
48 days after harvesting runner tips, bearing five trifoliate
leaves (length > 10 mm) on average. Bare root transplants
were produced by rooting the stolons emitted by the stock
plants in the soilless growing system filled with a commer-
cial substrate, without cutting it from the stock plant
(Giménez, 2008a).
Plug and bare root transplants were dug from the root-
ing bed at April 15th, 2008. Older leaves were removed, keep-
ing only the three younger ones. Trimming was not made
in plug transplants. Care was taken to dig them with the sub-
strate attached to the root system. For bare root transplants,
roots longer than 10 cm were cut off. They were screened in
three crown diameter classes: from 3.0 to 5.0 mm (class 1);
5.1 to 8.0 mm (class 2) and higher than 8.0 mm (class 3)
(Santos and Medeiros, 2003). A sample of four plants in
each plug and bare root classes was used for dry mass deter-
mination after drying at 65ºC until constant mass was re-
corded. Planting was done in the field at April 16th, 2008, on
1.1 m width polyethylene mulched raised beds, in a plant
density of 6.6 plants m–2 (0.40 m × 0.40 m), covered by low
100 µm polyethylene tunnels of 0.70 m height. In sunny
days, tunnels were daily opened at sunrise and closed at sun-
set while in cloudy or rainy days they remained closed. Fer-
tilization, irrigation and other cropping practices were done
as reported by Santos and Medeiros (2003). Two types of
transplants and three crown diameter classes were compared
as treatments, in a 2 × 3 factorial scheme. A randomized
block design was used, with four replications and 16 plants
per plot (2.6 m–2).
Number of days from planting to the beginning of flow-
ering and to the first fruit harvest was recorded. Beginning of
flowering was considered when 50% of plants in the plot had
at least one flower at anthesis. Ripe fruits with the epidermis
100% red identified as stage 87 (Meier et al., 1994) were har-
vested and weighted twice a week. They were counted,
weighted and screened in marketable yield, with fresh mass
upper than 10 g, and unmarketable yield, with fresh mass be-
low than 10 g. Fruit yield from the first harvest at June 15th to
September 30th, 2008, was considered as early production and
to November 7th, 2008, as total production. The experiment
was ended at the last date, when four plants of each treat-
ment were dug from the soil. The crown diameter, number
of crowns and number of leaves were counted and dry mass
of shoot and roots was determined after drying at of 65ºC
until constant mass was recorded.
The fulfillment of assumptions of the mathematical
model for analysis of variance was verified by the error nor-
mality test. The variables number of fruits, leaves and crowns
were transformed using the expression (x + 0.05)0.5. All vari-
ables were submitted to analysis of variance and the signifi-
cance of differences among means was determined by the
Tukey’s test (p < 0.05).
Results and Discussion
At planting, crown diameter and shoot dry mass were
higher in plug than in bare root transplants (Table 1). Dif-
ferences were of 30% in crown diameter and 42.6% in shoot
dry mass. However, root dry mass was 21.5% higher in bare
root transplants. At the end of the experiment, all variables
were higher in plants from plug transplants. Strong differ-
ences of about 130% in shoot dry mass, 103% in root dry
mass and 55% in number of crowns were recorded (Table
1). These variables, in bare root and plug plants, did not dif-
fer among classes of crown diameter at the end of experi-
ment (p > 0.05).
Differences were recorded among crown diameter classes
in bare root transplants at planting. Crown diameter, shoot and
Table 1 – Average crown diameter (CD), shoot dry mass (SDM) and root dry mass (RDM) of bare root and plug plant strawberry
at planting and average number of leaves (NL), crown diameter (CD), shoot dry mass (SDM), root dry mass (RDM) and
number of crowns (NC) of plants at the end of the experiment.
*Means followed by same letter in column do not differ (Tukey, p < 0.05).
Transplant type
Planting End of  the experiment
CD SDM RDM NL CD SDM RDM NC
mm --------- g per plant --------- mm -------- g per plant --------
Bare root  6.6 b*  0.68 b  0.51 a  20 b  13.2 b  7.66 b  2.07 b  5.4 b
Plug plant  8.6 a  0.97 a  0.40 b  36 a  15.2 a  17.65 a  4.20 a  8.4 a
CV % 11 25 17 12 10 16 20  18.5
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root dry mass were higher in class 3 bare root transplants (crown
diameter > 8 mm) (Table 2). Lower values were in class 1 (3-5
mm crown diameter). In plug transplants, crown diameter and
root dry mass did not differ among classes, with average val-
ues of 8.6 mm and 0.40 g per transplant, respectively. Shoot
dry mass was higher in class 3 plug transplants (Table 2).
Plant survival after planting and number of days until
onset of flowering and fruit harvest differed (p > 0.05) on
plants from the two transplant types. Plant survival was
98.4% on plug plant and only 67.4% on bare root plants.
Among classes it was 63.1% on class 1 bare root plants, not
differing from class 2 and 3, with the average 73.4 and 65.6%
of survival. The average initial flowering started at 65 days
after planting on bare root transplants, while on plug trans-
plants it was at 48 days. Initial fruit harvesting was at 80
and 72 days after planting for bare root and for plug trans-
plants respectively.
Early and total fruit yield were 89.6% and 67.1% higher,
respectively, in plants from plug transplants (Table 3). Dif-
ferences were associated to the number of fruits per plant,
being 84.7% in early and 58.1% higher in total fruit yield.
The average fruit weight did not differ between types and
among classes of plants (data not shown). Early fruit yield
on plants from bare root transplants were lower on class 1
for number and fresh mass of fruits (Table 3). Values on
plants from classes 2 and 3 did not differ. Similar effects
were found in total fruit yield, although number of fruits
per plant did not differ among treatments. In plants from
plug transplants, no differences were found in early and total
fruit yield among the three crown diameter classes (Table
3).
Strawberry fruit yield was influenced by the type of trans-
plant and also by its vigor, identified by the crown diameter.
Despite intensive irrigation in first days, 32.6% of bare root
transplants died after planting and this finding was similar
to data reported in the literature (Antunes and Duarte Filho,
2005; Durner et al., 2002). They have to be replaced, delay-
ing plant growth and development, leading to bad crop
stand and lower early and total fruit yield. This enormous
loss of transplants at planting is a consequence of unfavor-
Table 2 – Crown diameter (CD), shoot dry mass (SDM) and
root dry mass (RDM) of bare root and plug plants
classes at planting.
*Means followed by the same letter in the column do not differ
(Tukey, p < 0.05). Crown diameter classes in bare root transplants:
Class 1: (3.0 to 5.0 mm), class 2 (5.6 to 8 mm) and class 3 (> 8
mm) and in plug plants: Class 1 (2.0 to 3.9 mm), class 2 (4.0 to 5.5
mm) and class 3 (5.5 to 6.9 mm).
Class CD SDM RDM
mm ------------ g per plant ------------
Bare root
Class 1  3.9 c*  0.39 b  0.16 c
Class 2  6.7 b  0.67 ab  0.55 b
Class 3  9.2 a  0.99 a  0.83 a
CV % 7 36 20
Plug plants
Class 1  7.7 a  0.50 b  0.34 a
Class 2  8.6 a  0.82 b  0.42 a
Class 3  9.6 a  1.60 a  0.44 a
CV % 10 18 12
Class
Early fruit yield Total fruit yield
Fruit number Fresh mass Fruit number Fresh mass
g per plant g per plant
Bare root  14.4 b*  192.4 b  25.8 b  312.4 b
Plug  26.6 a  364.8 a  40.8 a  522.1 a
CV % 15 16 11 14
Bare root
Class 1  13.5 b*  168.5 b  24.2 a  278.6 b
Class 2  15.3 a  224.3 a  27.9 a  354.1 a
Class 3  14.2 ab  184.2 ab  25.3 a  304.4 ab
CV % 15 15 8 10
Plug plants
Class 1  25.9 a  356.1 a  39.9 a  496.5 a
Class 2  25.7 a  353.5 a  39.8 a  505.6 a
Class 3  26.4 a  384.9 a  42.7 a  564.2 a
CV % 11 12 11 13
Table 3 – Number and fresh mass of fruit in early and total yield of strawberry plants from bare root and plug transplants with
different crown diameter classes.
*Means followed by same letter in column do not differ (Tukey, p < 0.05). Crown diameter classes in bare root transplants: Class 1: (3.0 to
5.0 mm), class 2 (5.6 to 8 mm) and class 3 (> 8 mm) and in plug plants: Class 1 (2.0 to 3.9 mm), class 2 (4.0 to 5.5 mm) and class 3 (5.5
to 6.9 mm).
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able shipping conditions and could hardly be compensate
for grower’s cultural practices.
The vigor of transplants can be related to the size of
the assimilate pool. In bare root ones, this pool is the main
energy source for the emission and growth of new roots
to replace those damaged at digging or cut off before plant-
ing. Nevertheless, new roots are not immediately able to
absorb water and nutrients and plants are susceptible to
stress in the days after planting (Gautier et al., 2001). In
the strawberry plant, this phenomenon may be stronger
than in other species, because it is considered as having a
slow root growth (Hennion and Veschambre, 1997). As a
consequence, high vigor transplants have faster initial
growth.
In plug transplants differences in crown diameter of
runner tips were small and the vigor was similar at plant-
ing. In these transplants, the root system is embodied by
substrate and root damage at planting is minimized. Thus,
roots can absorb water and nutrient soon after planting,
resulting in faster initial growth and higher early and total
fruit yield (Hochmuth et al., 2001; Durner et al., 2002;
Takeda and Hokanson, 2003). Higher plant growth was also
recorded at the end of the experiment on plants from plug
transplants and data confirm results reported by other au-
thors (Durner, 1999; Bish et al., 2002; Larson and Ponce,
2002; Hochmuth et al., 2006a, b; Giménez et al., 2009).
In this study, runner tips were harvested and screened
in three crown diameter classes before rooting, ranging from
2 mm (Class 1) to 7 mm (Class 3). Nevertheless, after 48
days of growth on the rooting bed, the crown diameter
among classes did not differ. All tips reached an average
crown diameter of 8.6 mm, higher than the value set for
high vigor transplants (8 mm) (Table 2). These results can
be explained by the dynamics of root and shoot growth.
In this experiment, a growing bed was used for rooting,
without physical limitations for root growth. This condi-
tion differs from trays used in the production of horticul-
tural transplants. In trays, the cell volume can limit root
growth, affecting also shoot growth (Andriolo et al., 2003;
Andrews et al., 2006; Giménez et al., 2009). In our experi-
ment, it may be possible that shoot growth was not lim-
ited by physical constraints on root growth. As a conse-
quence, tip shoots grew in all crown diameter classes until
leaf area competition for radiation took place. This situa-
tion is similar to that used to explain the relationship be-
tween leaf area index (LAI) and interception of photosyn-
thetically active radiation (PAR) by crops. In this way, at the
end of the rooting period all tips could reach similar crown
diameters. A technological implication is that all runner tips
could be used for producing commercial plug transplants
by using this method.
Conclusions
Higher growth, development and fruit yield were ob-
tained in plants from plug transplants. For bare root trans-
plants, crown diameters higher than 5.1 mm can be used
while for plug transplants the crown diameter of runner tips
does not affect growth and fruit yield.
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